The BRAF-V600E mutation has been established as a signature alteration occurring almost universally in hairy cell leukemia. Moreover, it can be detected in a small percentage of patients with non-small cell lung cancer. We report the case of a patient with a metastatic BRAF-V600E-mutated lung adenocarcinoma suffering from concomitant hairy cell leukemia. The identification of an identical BRAF mutation in both malignancies raises physiopathological considerations and might offer unique therapeutic strategies for this group of patients.
Introduction
Lung cancer is one of the most common cancer types and the leading cause of cancerrelated deaths worldwide [1] . More than 80% of lung cancers can be classified as non-small cell lung cancer (NSCLC) [1] , whereas adenocarcinoma is the most common histological subtype, accounting for 40% of all lung cancer cases [2] . In the last years, the identification of various oncogenic mutations in lung adenocarcinoma has enabled a better understanding of its pathogenesis and led to new effective targeted therapies for different molecularly defined subgroups [3, 4] . One of these alterations is the mutation of the BRAF gene, which occurs in 1.6-4.9% of NSCLC [3] . BRAF is an isoform of the RAF family of serine/threonine kinases and acts as mediator between RAS and the MAPK signaling pathway [5, 6] . BRAF activation by RAS results in a series of intracellular metabolic events regulating the cell cycle. Mutations in BRAF lead to permanent activation of the MAPK cascade and, therefore, stimulate cellular proliferation [6] . In general, BRAF has been shown to act as a driver oncogene in a wide range of malignant tumors [7, 8] . The most commonly detected mutation consists of a valine to glutamate substitution at codon 600 of exon 15 (V600E) [7, 8] . The BRAF-V600E mutation is the predominant alteration in malignancies such as melanoma, differentiated thyroid cancer, as well as hairy cell leukemia (HCL) [7, 9, 10] . Lung adenocarcinoma, on the other hand, presents a significant heterogeneity among BRAF mutations, with approximately only 50% presenting as V600E [7, 11] . The case reported here describes the concomitant occurrence of HCL in a patient with a BRAF-V600E-mutated lung adenocarcinoma.
Case Presentation
A 55-year-old man with a smoking history of approximately 30 pack-years was diagnosed with a tumor of the left lower lobe and underwent VATS lobectomy. Histological analysis confirmed the diagnosis of a poorly differentiated lung adenocarcinoma and further molecular diagnostics detected a mutation for BRAF-V600E. Cancer staging revealed a UICC stage Ib (pT2a, pN0, cM0) and adjuvant chemotherapy was advised but rejected by the patient.
Five months later, the patient was admitted with dysphagia, fatigue, and weight loss. Computerized tomography revealed a relapse with pulmonary, lymphatic, and peritoneal metastases as well as direct infiltration of the esophagus and pharynx. At this time, peripheral blood counts were within normal limits. Palliative systemic therapy with cisplatin, vinorelbine, and bevacizumab as well as radiation of the esophagus were initiated.
After 2 months of treatment, progressive symptomatic anemia (hemoglobin 7.4 g/dL) and severe neutropenia (absolute neutrophil count 270/μL) as well as recurrent bacterial infections were observed. The bone marrow biopsy revealed an extended infiltration by a low-grade non-Hodgkin lymphoma. Immunohistological analysis and molecular pathology detected the characteristic BRAF-V600E mutation and the diagnosis of HCL was confirmed [12, 13] . Additional immunotherapy with rituximab was initiated, resulting in normalization of the neutrophil count and improvement of anemia.
However, in the following months, the patient developed cerebral metastasis of the NSCLC, which persisted despite radiotherapy of the neurocranium and led to death 6 months after the relapse of the disease.
Discussion
In our report, we present a patient with a BRAF-V600E-mutated lung adenocarcinoma who developed HCL after relapse of the disease. To the best of our knowledge, this is the first reported case of a patient diagnosed with a combination of these two BRAF-V600E-mutated malignancies.
A possible association of HCL with other secondary tumors such as colorectal and renal cell carcinoma was first described many years ago [14] . The identification of the BRAF-V600E mutation as a somatically acquired signature alteration occurring universally in HCL [7, 9, 10] as well as a commonly detected mutation in a series of solid tumors [7] further supported the hypothesis of a unique pathogenic mechanism in various malignant diseases. A number of patient cases with two different synchronous or metachronous BRAF-mutated malignancies have subsequently been described.
For example, a case report by Shah et al. [15] illustrated a possible connection between neuroendocrine-differentiated colorectal cancer and HCL. The patient presented by the authors was diagnosed with BRAF-V600E-mutated metastatic neuroendocrine colon cancer several years after successful treatment of HCL. Bone marrow biopsy showed no sign of a new or recurrent hematological disease and next-generation sequencing revealed no BRAF-V600E mutation of the bone marrow, excluding the possibility of a germline mutation in that patient. This case confirms that somatic mutations of the BRAF gene in different cell types resulting in different malignancies can be observed in one individual, despite the rarity of such a combination.
A conclusion based on molecular testing alone is not always reliable. Schlick et al. [16] described the isolation of a BRAF-V600E mutation in a patient with NSCLC and HCL, whereas in that case immunohistochemical analysis using the monoclonal anti-BRAF-V600E (VE1) antibody revealed that the mutation detected in the lung specimen was falsely positive due to contamination with leukemic hairy cells. Although such a contamination cannot be excluded in our case, it would be unlikely, since the mutated NSCLC occurred several months before the development of any bone marrow deficiency signs.
It needs to be pointed out that the mere occurrence of two malignancies in a single patient with the same molecular aberration, be it synchronous or metachronous, does not at all imply them to be causatively linked. Independent mutations in two different histological tissues are perfectly possible and may occur at any given point in time. In the present case, a germline BRAF mutation was not ruled out. However, its presence seems unlikely given that affected patients are most often diagnosed during childhood and display distinctive facial dysmorphia, reduced growth, cardiac defects, skeletal and ectodermal anomalies as well as cognitive dysfunctions, all of which were not present in our patient.
The existence of a common pathogenic pathway as evidenced by a somatic alteration of the BRAF gene in different malignancies can offer the possibility of a unique therapeutic strategy. For example, inhibitors of the BRAF/MAPK pathway have been proven to effectively treat HCL [17, 18] . Moreover, BRAF-targeted therapy is being widely used in the treatment of malignant melanoma [19] . In a case report by Blachly et al. [20] , a patient suffering from malignant melanoma and HCL, both BRAF-V600E-mutated, achieved long-term complete remission under treatment with the BRAF-inhibitor dabrafenib. Of course, it has to be pointed out that BRAF-V600E alterations are much more common in melanoma compared to NSCLC [7] . Therefore, it can be assumed that the probability of BRAF-V600E-mutated melanoma and HCL in one individual is higher than the one of the combination described in our report.
However, since BRAF inhibitors have been shown to be a valuable therapeutic option for patients with BRAF-mutated NSCLC [21, 22] (the combination of dabrafenib and trametinib having been approved by the FDA), efficient treatment of patients with BRAF-mutated NSCLC and HCL with a single BRAF-targeted therapy remains a realistic scenario. Further research is needed in order to detect the frequency of co-occurrence of these malignancies as well as the group of patients that could profit from a targeted personalized therapy.
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